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The treatment of childhood cancer has been increas-
ingly successful over the past 30 years. Most paediatric
cancers are now curable with multiagent chemotherapy
in combination with surgery and radiotherapy. The
overall survival five years after diagnosis is now 70% for
all paediatric malignancies. The incidence is low
(1200-1300 children affected each year in Britain), but
with the sustained improvement in survival the number
of long term survivors is increasing—about 850
additional survivors of childhood cancer each year. With
this improved survival, it is important to increase our
knowledge of any long term costs in the form of physi-
cal and psychosocial adverse health outcomes.

This review looks at the evidence relating to long
term clinical follow up after childhood cancer and
considers ways to develop such follow up for the
future. An awareness of the possible long term compli-
cations is important not only for optimising health
care for the current survivors but also for modifying
future treatment protocols to avoid therapies that are
associated with unacceptable morbidity or mortality.

We have summarised the evidence on selected long
term complications; this evidence is inevitably based
on retrospective studies. In the final section we discuss
the development of a strategy for the clinical follow up
of long term survivors.

Second primary tumours
Within 25 years of diagnosis of childhood cancer in
Britain about 4% of survivors develop a second primary
cancer—about six times the expected number of
cancers.1 This excess risk among survivors is attributable
to the carcinogenic effects of treatments for the original
childhood cancer as well as to genetic predisposition
(figure). This can be illustrated by second primary bone
cancer, which affects about 1% of survivors within 20
years of diagnosis of the original childhood cancer.2

Bone cancers, mostly osteosarcomas, are the most com-
mon solid second cancers observed after heritable
retinoblastoma and after all types of childhood cancer
other than retinoblastoma.2 About 7% of survivors of
retinoblastoma and 0.5% of survivors of other
childhood cancers are affected by bone cancer within 20

years of diagnosis of the original cancer, corresponding
to about 380 times and 25 times the expected number of
bone cancers in the two groups.2 The large excess after
heritable retinoblastoma is attributable to the carcino-
genic influence of both constitutional mutations in the
RB gene and exposure of bone to radiotherapy and
alkylating agents; the excess risk after all childhood can-
cers other than retinoblastoma is also related to the car-
cinogenic effects of radiotherapy and alkylating
agents.2 3 There is probably some element of genetic
predisposition, which would include, for example,
constitutional mutations of the p53 gene.4

Second primary leukaemia is diagnosed in about
0.2% of survivors of childhood cancer in Britain within
six years of diagnosis of the original cancer—about
eight times the expected number of leukaemias.5 It has
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been established that increased cumulative exposure to
alkylating agents or epipodophyllotoxins increases the
risk of subsequent leukaemia.5 6 In addition, other
topoisomerase II inhibitors, including the anthracy-
clines, seem to be leukaemogenic.

Two important caveats limit our current under-
standing of the risks of second primary cancers. Firstly,
there is still considerable uncertainty about the long
term risks of the adult carcinomas observed most com-
monly in the general population, including carcinomas
of the lung, large intestine, and breast. Secondly,
current knowledge of the longer term risks of second
cancers is based on treatments used many years ago,
and there will be an inevitable delay before we can
assess the longer term consequences of current
treatments with confidence.

Cardiovascular disease
Cardiovascular disease can occur as a consequence
of cancer treatment and contributes appreciably to the
late morbidity and mortality of survivors.7 Most
cardiovascular damage is the result of a direct effect by
radiation and chemotherapeutic agents (particularly
anthracyclines), but injury to other organs can
contribute indirectly.

Chemotherapy
By far the most important cardiotoxic agents are the
anthracyclines, which cause focal myocyte death with
replacement fibrosis.7 The damage seems to be
progressive.8 The risk factors have been well eluci-
dated; cumulative dose is the major factor, accompa-
nied by young age, length of follow up, and sex (female
more than male).9 The incidence of death and sympto-
matic heart disease varies between 1% and 10%.9–11

Various studies using detailed techniques, not used in
routine practice, to study subclinical cardiac dysfunc-
tion reported prevalence rates between 23% and 85%.9

The lower prevalence rate occurred at cumulative
doses of 90-300 mg/m2. The full implications for
future cardiac disease are unknown.

Radiation
Radiation damage to the heart and large vessels is
mediated through ischaemia. Vascular damage causes

atherosclerosis, as seen in early onset coronary artery
disease in survivors of Hodgkin’s disease.12 Patients
receiving total body irradiation for bone marrow trans-
plant conditioning must also be considered at risk.
Radiation damage adds to the effect of anthracycline
cardiotoxicity.

Fertility
The impact of combination cytotoxic chemotherapy
on gonadal function depends on the sex and age of
the child undergoing treatment and the nature and
dosage of the drugs used. Drugs known to damage the
gonads include procarbazine, cytosine arabinoside,
and the alkylating agents, particularly cyclophospha-
mide, chlorambucil, mustine, melphalan, busulphan,
and the nitrosoureas. Both the testes and the ovaries
are vulnerable to radiation damage.13

Chemotherapy
The current management of acute lymphoblastic
leukaemia in children in the United Kingdom includes
cyclophosphamide. Although the long term fertility for
this group of patients is not known, the available
evidence suggests that the total dose of cyclophospha-
mide (2-3 g/m2) is unlikely to cause sterility.14 15

Treatment for Hodgkin’s disease with “ChlVPP”
(chlorambucil, vinblastine, procarbazine, prednisolone)
is known to damage the gonads, particularly in males,
and the agents implicated are chlorambucil and
procarbazine. In a recent long term follow up study,
89% of the boys treated before puberty had severe
damage to the germinal epithelium; recovery of
spermatogenesis is unlikely. Around half of girls
treated for Hodgkin’s disease prepubertally with six or
more courses of ChlVPP had raised plasma gonado-
trophin concentrations, but longer follow up is needed
to determine whether these women recover function
or go on to have a premature menopause.16 “ABVD”
(adriamycin, bleomycin, vinblastine, dacarbazine),
which does not contain alkylating agents or procar-
bazine, is considerably less gonadotoxic. Current
regimens with hybrid protocols are likely to preserve
fertility in women and in approximately half of men.

Radiotherapy
The total dose and fractionation schedule of testicular
irradiation determines the degree of damage. The risk
of Leydig cell damage associated with radiation is
directly related to the dose delivered and inversely
related to the age at treatment. Doses above 20 Gy
cause Leydig cell failure in most prepubertal boys, but
doses above 30 Gy are required in adolescent boys and
young adults.17 Permanent azoospermia is likely in
most patients receiving more than 4 Gy.

Abdominal, pelvic, and total body irradiation can
all result in ovarian damage.18 The human oocyte is
sensitive to radiation, and the risk of ovarian failure
increases with dose of radiotherapy.19 If there is
evidence of ovarian failure then sex steroid replace-
ment therapy is needed from puberty through to at
least the fifth decade for bone mineralisation and
cardiovascular protection.

Uterine radiation in childhood increases the
incidence of nulliparity, fetal loss, and small for dates
infants. The mechanism underlying this finding
remains unclear, but both a reduction in the elasticity

This patient had surgery and abdominal radiotherapy for Wilms’ tumour when he was
21⁄2 years old. He developed a second primary tumour (malignant melanoma) within the
radiation field in his early 20s
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of the uterine musculature and uterine vascular
damage have been suggested. Patients should be coun-
selled accordingly and their obstetricians forewarned.20

Education, psychosocial, and quality of
life issues
Early work detailing the psychosocial consequences of
childhood cancer found that survivors experienced a
range of educational, behavioural, and social problems.
These findings have not always been substantiated in
later work. In particular, the extent of problems experi-
enced seems to be moderated by the disease and its
treatment, as well as by demographic and family
variables.21 22

Children miss substantial amounts of schooling
during treatment, and this has consequences for both
academic achievement and social relationships. In the
days when children with acute lymphoblastic leukae-
mia were treated by chemotherapy and radiotherapy
to the central nervous system, fairly consistent
evidence showed that academic achievement and
learning were compromised. Children under 5 years at
diagnosis are particularly vulnerable. Although some
children seem to show a general decline in intellectual
function, others show deficits in specific skills,
including attention, concentration, and mathematical
reasoning.23 Some studies have found that it is the
combination of radiotherapy and intrathecal metho-
trexate that limits children’s intellectual functioning.24

Children with a central nervous system tumour treated
with high doses of cranial irradiation are at
considerable risk in terms of compromised edu-
cational outcomes, with some work indicating that
approximately 50% have special educational needs.

Measurement of social function is more complex
than measurement of academic function, and perhaps
for this reason there have been fewer attempts to
describe social functioning among survivors. Among
children of school age, there is some evidence that sur-
vivors of a central nervous system tumour are less
popular with other children.25 26 Given their physical
limitations, many survivors are in need of appropriate
and sensitive counselling to enable them to choose and
succeed in appropriate employment.27

The literature points to considerable variation in
quality of life among survivors. In part this reflects dif-
ferent methods used. Larger scale population studies
have found few differences between survivors and
healthy peers. Small scale, more detailed assessments
often reveal important compromises in mental health.

Growth, bone mineral density, and body
composition
Cranial radiotherapy as part of the treatment for child-
hood cancer may adversely affect growth. The
mechanism by which intensive chemotherapy contrib-
utes to growth impairment is not well understood.28 29

Children who have been treated with low dose cranial
radiotherapy are at risk of precocious puberty and
growth hormone insufficiency. Children treated with
higher doses are at risk of an evolving endocrinopathy,
with growth hormone insufficiency developing early
and, in some children, gonadotrophin, thyroid, or cor-
tisol deficiency developing later.30 Total body or spinal

radiation may compromise spinal growth through a
direct effect on the epiphyses. Most children treated
with high dose cranial radiotherapy for a brain tumour
will need treatment with growth hormone; the growth
response is attenuated in those children who have
received additional spinal radiotherapy—the younger
the child at treatment the greater the effect.31 Thyroid
dysfunction after total body and cranio-spinal irradia-
tion is well recognised. There is also an increased risk
of malignancy of the thyroid when this organ has been
included in the radiation field.

It is becoming clear that treatment for childhood
cancer may result in reduced bone mineral density.32

The reduction in bone mineral density would be
expected to predict an increased fracture rate, but this
has not yet been demonstrated.

Evidence is mounting to show that children treated
for lymphoblastic leukaemia become obese during
treatment and remain obese at final height.28 Most
studies have shown that both sexes are equally affected,
whereas it is known that impaired growth and
precocious puberty following childhood acute
lymphoblastic leukaemia are more common in
girls.28–30 There are many potential contributing factors,
including growth hormone insufficiency secondary to
cranial irradiation, steroids, and chemotherapy; and,
most recently, reduced physical activity has been noted,
the reasons for which are not clear.

Long term clinical follow up
It is clear from the preceding sections that the evidence
base to guide the establishment of a structure for long
term clinical follow up is incomplete. The prevailing wis-
dom among many paediatric oncologists and haema-
tologists is that all survivors of childhood cancer should
be followed up for life. This has important resource
implications, and the evidence for such practice is not
clear. There is undoubtedly a need to ascertain the risks
and causes of late effects of treatment, with the hope that
successive generations of patients will benefit from pro-
tocol modifications resulting from a better understand-
ing of the clinical course of the disease and its treatment.
The British Childhood Cancer Survivor Study has been
developed to obtain estimates of the risks of particular
adverse health outcomes occurring among survivors
and their offspring and to investigate the relation of such
risks to different types of treatment received for
childhood cancer. Such national, population based stud-
ies will provide a basis for the further development of
strategies for long term clinical follow up. In addition,
clinical research will be needed to investigate outstand-
ing questions requiring direct contact with patients.

There is a group of survivors for whom the benefit
of clinical follow up is not established and for whom
postal or telephone follow up may be all that is needed.
For patients who have been treated with surgery alone
or low risk chemotherapy, postal or telephone follow
up every one or two years is likely to be sufficient (level
1 in table). Other groups—for example, patients who
have received a bone marrow transplant or
radiotherapy—are likely to benefit from continued
clinical follow up (level 3 in table). This leaves most
patients being treated according to current treatment
protocols, who may benefit from clinical follow up led
by a nurse or primary care doctor every one or two
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years once they have reached five years after treatment
(level 2 in table).

We believe there is a role for a key worker, who may
be a primary care or hospital doctor or a specialist
nurse, to be assigned to each patient once treatment
has been completed and the risk of relapse is low. Who
is most appropriate will depend on local resources and
the level of follow up needed. We would encourage the
development of the late effects nurse practitioner, but
the training programme and career structure remain
to be addressed. Therapy based guidelines for follow
up are available and provide a clinical framework for
the development of long term follow up.33

Conclusions
An increasing literature base is becoming available to
underpin decisions about the clinical follow up of long
term survivors of childhood cancer; this is inevitably
based on retrospective studies, and prospective evalua-
tion of new treatments is needed. Information to guide
and inform the follow up of survivors of childhood
cancer will come from national population based
cohort studies, large multicentre clinical studies, and
randomised clinical trials designed to evaluate both
survival and long term toxicities associated with differ-
ent treatment strategies. As knowledge accumulates,
the level of clinical surveillance should more closely
match clinical need.
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Possible levels of follow up more than five years from completion of treatment

Level Treatment Method of follow up Frequency Examples of tumours

1 Surgery alone Post or telephone 1-2 years Wilms’ tumour stage I or II

Low risk chemotherapy Langerhans cell histiocytosis (single system disease)

Germ cell tumours (surgery only)

2 Chemotherapy Led by nurse or primary care doctor 1-2 years Most patients (eg acute lymphoblastic leukaemia in
first remission)

Low dose cranial irradiation (<24 Gy)

3 Radiotherapy, except low dose cranial irradiation Medically supervised late effects clinic Annual Brain tumours

After bone marrow transplant

Megatherapy Patients with stage IV tumours (any tumour type)
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